Signatures of the neutral top-pion in 67 collisions 
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Abstract 

We calculate the contributions of the neutral top-pion vr^ to the process 
e~7 — > e~tc in the framework of topcolor-assisted technicolor(TC2) models and 
discuss the possible of detecting vr^ at the high energy linear e^e~ collider (LC). 
Our results show that vr^ can give significant contributions to this process. With 
reasonable values of the parameters in TC2 models, the cross section a can reach 
0.19 fb which may be detected at the 67 collisions based on the future LC experi- 
ments. 
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The mechanism of electroweak symmetry breaking (EWSB) remains the most promi- 
nent mystery in elementary particle physics. Probing EWSB will be one of the most 
important tasks in the future high energy colliders. Dynamical EWSB, such as techni- 
color (TC) theory|^, is an attractive idea that it avoids the shortcomings of triviality 
and unnaturalness arising from the elementary Higgs field. The simplest QCD-like TC 
model leads a too large obligue correction to the electroweak parameters 5* and f/[|2| and 
is already ruled out by the CERN e~^e~ collider LEP precision electroweak measurement 
data . To solve the phenomenological difficulties of TC theories, TC2 models were 
proposed by combining TC interactions with topcolor interactions for the third generation 
at the energy scale of about 1 TeV. TC2 theory is an attractive scheme in which there is 
an explicit dynamical mechanism for breaking electroweak symmetry and generating the 
fermion masses including the heavy top quark mass. It is one of the important promising 
candidates for the mechanism of EWSB. 

In TC2 theory [^], EWSB is driven mainly by TC interactions, the extended technicolor 
(ETC) interactions give contributions to all ordinary quark and lepton masses including 
a very small portion of the top quark mass, namely = errit with a model-dependent 
parameter e{e <^ 1). The topcolor interactions also make small contributions to EWSB 
and give rise to the main part of the top quark mass — = (1 — e)'mt similar to the 
constituent masses of the light quarks in QCD. This means that the associated top-pions 
7r°, Tcf are not the longitudinal bosons W and Z, but separately, physically observable 
objects. Thus top-pions can be seen as the characteristic feature of TC2 theory. Studying 
the possible signatures of top-pions at future high energy colliders can be used to test 
TC2 theory and further probe the EWSB mechanism. 

The virtual effects of the top-pions on the processes such as qq ti, qq' tb, 
gg — > ti{ic), e~^e^ tc-y{Z), 77 ti(tc), t cv{v = 7, g, orZ), and 67 — > tbu^ have been 
studied in the literature, where the signatures and observability of these new particles were 
investigated in hadron colliders 0, e~^e~ colliders 0,77 colliders and 67 colliders 
[Q. Ref. [9] has discussed the prospects of the observation of the charged top-pions Trf 
via the process 67 thue in 67 colliders. In this note, we calculate the contributions of 
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the neutral top-pion vr^ to the flavor changing neutral curent(FCNC) process e~7 e'tc 
and see whether 7r° can be detected via this process at high-energy linear e~^e~ colliders 
(LC) experiments. We find that this process is important in probing the neutral top-pion. 
With reasonable values of the parameters in TC2 models, the signal rates can be fairly 
large, which may be detected at the ej colliders based on the LC experiments. 

For TC2 models the underlying interactions, topcolor interactions, are non-universal 
and therefore do not posses a GIM mechanism. This is an essential feature of this kind of 
models due to the need to single out the top quark for condensation. This non-universal 
gauge interactions result in the PC coupling vertices when one writes the interactions in 
the quark mass eigenbasis. Thus the top-pions predicted by this kind of models have large 
Yukawa couplings to the third generation and can induce the FC scalar couplings. The 
couplings of the neutral top-pion 7r° to the ordinary fermions can be written as H, : 



V2Ft i^w ^-^^-^^'^-'^-"^ ' mt 
where Ft ~ 50 GeV is the top-pion decay constant, = vl\f2 174 GeV, and m'^ is 
the ETC generated part of the bottom-quark mass. Similarly to Ref.[6], we take m'^ = 
0.1 X ernt. is the matrix element of the unitary matrix kui which the CKM matrix can 
be derived as V = k^j^koi and k^j^ are the matrix elements of the right-handed rotation 
matrix kuR- Their values can be written as: 



^"l = 1, fc"i?, = l-^, k'^^<V2F^. (2) 



In the following calculation, we will take /c^^ = \/2e — and take the parameter e as a 
free parameter. 

The neutral top-pion 7r°, as an isospin-triplet, can couple to a pair of gauge bosons 
through the top quark triangle loop in an isospin violating way similar to the couplings 
of QCD pion 7r° to a pair of gauge bosons. For the top quark triangle loop, the simple 
ABJ anomaly approach is not sufficient since the top quark mass is only 175GeV. Here, 
we explicitly calculate the top loop and obtain the following 7r° — 7 — 7 coupling: 



3V27TFt 



-Con'^e,,,,{d^A^){d'A^), (3) 



where Nc is the color index with Nc = 3, Co = Co(p4, — P4 — p3,mt,mt,mt) is standard 
three-point scalar integral with and p4 donating the momenta of the two incoming 
photons. 

Ref . [4] has estimated the mass of the top-pion in the fermion loop approximation and 
given 180 GeV < m^, <250 GeV for rrit = 180 GeV and 0.03 < e < 0.1. Since the 
negative top-pion corrections to the Z —>■ bb branching ratio Rb become smaller when the 
top-pion is heavier, the LEP/SLD data of Rh give rise to certain lower bound on the top- 
pion mass 0]. Ref. [11] has shown that the top-pion mass is allowed to be in the range of 



a few hundred GeV depending on the values of the parameters in TC2 models. Thus, at 
numerical estimation, we take the mass of the 7r° to vary in range of 200 GeV-400 GeV 
in this letter. In this case, the possible decay modes of vr^ are ic, bb, gg, 77, Z7 and tt (if 
kinematically allowed). Then we have 

r = r(7r0^66) + r(7r0^te) + r(7r0^^7^?) + r(7r0^77)+r(7r0^t7) 

+r(7r° ^ tt){ for m^^ > 350 GeV ). (4) 

In above equation, we have ignored the coupling of 7r° to a pair of gauge bosons Z and 
taken S^ozz ~ 0. 

The Feynman diagram for the neutral top-pion vrj* contributions to the process e~7 — *■ 
e~ic is shown in Fig 1. With Eqs. (l)-(4), we can do the explicit calculations of 7r° to the 
amplitude of the process e~7 e~ic. 



e^,u\p{^^'e\){^^e''2)ea{p^,, X)u{pe-)'^pu{pe~) (5) 

The hard photon beam of the e~7 colliders can be obtained from laser backscattering 
at the LC |12[. We define that and are the center-of-mass energies of the e~7 and 
e^e~ colliders, respectively. After calculating the cross section a{s) for the subprocess 
e~7 — > e~tc, the total cross section ^/s at the LC experiments can be obtained by folding 
a{s) with the backscattered laser photon spectrum f^{x){s = x'^s) 

0" = / dxa{s)f^{x). (6) 

J {mt+mc)/y/s 
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The backscattered laser photon spectrum ff{x) is given in Ref.[12]. Beyond a certain laser 
energy e"'"e~ pairs are produced, which significantly degrades the photon beam. This leads 
to a maximum 67 centre of mass energy of ~ 0.91 x -^s. 

In our calculation, we restrict the angles of the observed particles relative to the 
beam, 6^- and 6c to the range 10° < 6'e-, Oe < 170°. We further restrict the particle 
energy Ef. > 10 GeV. For simplicity, we have ignored the possible polarization for the 
electron and photon beams. It has been shown that the neutral top-pion 7r° mainly 
couples to the right-handed top(tH) or charm (cr) and the left-handed rotation element 
kjji is negligibly small. Thus, we only consider chiral couplings of the vr^ to top-charm. 
Our results are all based on right-handed couplings. To obtain numerical results, we take 
nit = 175 GeV, nic = 1.2 GeV and = IHI. For estimating the number of the 
e~ic event, similarly to Ref. [9,14], we consider the e^e" centre-of-mass energy ^/s in the 
range of 300GeV-1500GeV appropriate to the TESLA/NLC/JLC high energy colliders 
and assume an integrated luminosity of L = 500/6^^. 

In Fig2, we show the cross section a of the process e~7 — > e^ic as a function of the mass 
of the neutral top-pion 171^,^ for the center-of-mass energy y/s = 500 GeV and three values 
of the parameter e. One can see that neutral top-pion 7r° can give significant contributions 
to the process e~7 — > e~ic. We see from Fig. 2 that the cross section a is sensitive to the 
parameter e. The 7r° resonance contribution increases as the parameter e increasing. This 
is because the total decay width of vr^ decreases as e increasing. The maximum value can 
reach 0.12fb for e = 0.08 and m^r^ = 270GeV. Thus, there will be several tens of e~tc 
events to be generated which may be detected in the future LC experiments. 

To see the effect of the center-of-mass on the a, we plot the ^/s for m7rt=250GeV 
and three values of the parameter e in Fig.3. We can see from Fig.3 that the cross section 
a is larger than 4 x 10~V^ for y/s > 500GeV. For m^, = 250GeV and 0.03 < e < 0.08, 
the maximum value can reach 0.19fb. In this case, there are about 90 tc events to be 
generated in the future LC experiments. 

TC2 models also predict the existence of the neutral CP-even sate, called top-Higgs 
boson h'}. The main difference between 7r° and is that can couple to gauge boson 
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pairs WW and ZZ at tree-level, which is similar to that of the standard model(SM) Higgs 
boson However, the coupling coefficients of the couplings h^WW and h^ZZ are 

suppressed by the factor with respect to that of Thus, the contributions of the 
top-Higgs boson to the process e~7 —>■ e^ic are similar to that of vr^. In the most of 
the parameter space of TC2 models, the cross section a contributed by the top-Higgs 
is also in the range of 10^^ — 10^^/6. 

The search for FCNC processes is one of the most interesting possibilities to test the 
SM, with the potential for either discovering or putting stringent bounds on new physics. 
In the SM, there are no FCNC at tree-level and at one-loop level they are GIM sup- 
pressed. In models beyond SM, new particles may appear in the loop and have significant 
contributions to the FCNC processes. Therefore, the processes can give an ideal place to 
search the signals of the new particles. In this letter, we calculated the contributions of 
the neutral top-pion 7r° to the FCNC process e~7 e"tc in the framework of TC2 models 
and disscused the possible of detecting this new particle in the future LC experiments. 
Our numerical results show that the cross section a given by 7r° is in the range of the 
10^^ — 10^^/6. With reasonable values of the parameters, the cross section a can reach 
to 0.19/6. So it is possible to detect the signals of the neutral top-pion 7r° via the process 
e~7 — > e~ic at the ej colliders based on the LC experiments. 
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Figure captions 

Fig.l: Feynman diagram for contributing to tlic process e^7 — >■ e~ic from tlie neutral 
top-pion 7r°. 

Fig. 2: The cross section cr as a function of m^^^ for the center-of-mass energy ^/s — 500 
GeV and e = 0.03 (soUd line), 0.05 (dotted line) and 0.08 (dashed line). 

Fig.3: The cross section cr as a function of for the parameter = 250GeV and 
s = 0.03 (solid line), 0.05 (dotted line) and 0.08 (dashed line). 
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